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(54) METHOD AND APPARATUS FOR ASSAYING ENZYMATIC REACTION 



(57) A method and apparatus for measuring 
enzyme activity by supplying a substrate solution and 
an enzyme solution into a reaction vessel combined 
with a total reflection absorption prism. A measurement 
solution (40) in which the enzyme solution and the sub- 
strate solution are combined together is kept at a con- 
stant temperature within the reaction vessel (26) by a 
temperature control unit (23), and is stirred by a stirrer 
(21). Infrared light (36) emitted from an infrared light 
source (3) is made incident on the interface between a 
total reflection absorption prism (28) disposed in con- 
Flg.1 



tact with the measurement solution (40) and the meas- 
urement solution (40) from the side of the total reflection 
absorption prism (28) and is totally reflected by the 
interface. The spectrum of transmitted infrared light (37) 
thus totally reflected and emitted is detected by an infra- 
red light detector (5). According to thus detected spec- 
trum, a change in the infrared absorption spectrum or 
absorbance is determined, whereby the enzyme reac- 
tion in the measurement solution (40) is measured. 
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Description 



Technical Field 



The present invention relates to an enzyme reac- 
tion measuring method and its measuring apparatus in 
which a substrate solution and an enzyme solution are 
sup plied into a reaction vass^i R r > ^ to effect a reac 



and tliis enzyme reaction is continuously observed by 
infrared spectrometry. 10 

Background Art 

Enzymes, which are a kind of catalysts produced by 
organisms, are mainly composed of proteins. Reaction is 
materials of reactions catalyzed by the enzymes are 
known as substrate. For substantially all the reactions 
within living organisms, there exist enzymes corre- 
sponding thereto; and their enzyme reactions are per- 
formed under moderate conditions within the living 20 
organisms, thereby contributing to maintenance of life. 
Accordingly, since reduction in the action of an enzyme 
(enzyme activity) may cause a disease, it is prevalent in 
the sites of clinical tests to diagnose diseases by meas- 
uring activities of some kinds of enzymes in blood and 25 
urine. 

Also, enzyme reactions are highly substrate-spe- 
cific and are widely used as an energy-saving industrial 
process. For example, in fet and oil chemical industry, 
lipase is used for decomposing fats and oils. Lipase is so 
an enzyme which hydrolyzes glycerol esters (triglycer- 
ides) of long-chain fatty acids. Upase within alimentary 
canals mainly derives from the pancreas, though part 
thereof is secreted by the stomach and intestines. 
Upase activity in Wood has been known to rise in pan- 35 
creatic diseases. Accordingly, the lipase activity in Wood 
is measured to judge the pancreatic diseases. 

Measuring an enzyme reaction is to measure quan- 
titative and temporal changes in the substrate, which is 
a reaction material of the reaction catalyzed by the 40 
enzyme, and in a product generated by the reaction. 
Namely, the greater the ratio by which the substrate 
changes into the product, the higher the enzyme activity 
becomes. On the other way around, the smaller the ratio 
is, the lower the enzyme activity becomes. Also, when 45 
the change from the substrate to the product is meas- 
ured over time, the reaction speed of the enzyme reac- 
tion can be analyzed. 

Conventionally, in methods of measuring quantita- 
tive changes in the substrate and product, differences in so 
physical or chemical properties of the substrate and 
product are utilized and identified, so as to measure 
their respective quantitative changes. Examples thereof 
include: (1) a method in which the substrate or product 
is specifically caused to develop a color after the termi- ss 
nation of the enzyme reaction, and is subjected to color- 
imetric determination, whereby the amount of increase 
or decrease in the substrate or product is determined 



(colorimetric determination method); (2) a method in 
which a compound labeled with a radioisotope (radioac- 
tive compound) is used as a substrate, the fact that the 
product generated by the enzyme reaction becomes a 
different radioactive compound is used to separate the 
radioactive compounds from each other, and the quan- 
tity of radioactivity is measured, whereby the amount of 
ise-or^ecxease-in- the-substrate-or-product-ts- 



determined; (3) a fatty acid generated by the enzyme 
reaction is neutralization-titrated after the termination of 
the enzyme reaction (titration method); (4) a method in 
which the substrate is suspended in water, and the 
change in turbidity of the substrate solution upon 
decomposition of the substrate by the enzyme reaction 
is measured, whereby the amount of increase or 
decrease in the substrate or product is determined (tur- 
bidity measurement method); (5) a method in which, by 
utilizing spectroscopic differences between the sub- 
strate and product, wavelengths of light specifically 
absorbed by their respective materials (absorption 
wavelengths) are used, whereby the amount of increase 
or decrease in the substrate or product is deterrrined 
from change in absorbance (spectroscopic measure- 
ment method); and the like. Among them, in particular, 
the spectroscopic measurement method and turbidity 
measurement method can continuously measure the 
enzyme reaction. 

The above-mentioned measuring methods respec- 
tively have the following problems, however. First in the 
colorimetric determination method, a color-producing 
reagent must be caused to react with the substrate or 
product to specifically color the same after the termina- 
tion of the enzyme reaction, thus complicating the oper- 
ation and taking time for measurement, whereby the 
enzyme reaction cannot be measured continuously. 
Further, when the substrate is an aqueous suspension, 
it is hard to transmit light therethrough, thus being prob- 
lematic in that measurement cannot be fully performed. 

In the method using the radioisotope, since the sub- 
strate or the product is separated after the termination 
of the enzyme reaction so as to measure the quantity of 
radioactivity, the operation is complicated, the measure- 
ment takes time, and the enzyme reaction cannot be 
measured continuously. Also, since the radioisotope is 
used, it is problematic in terms of security and restric- 
tion on the site of use. 

Though the substrate and the product can be 
measured without separation after the termination of 
the enzyme reaction in the titration method, it is prob- 
lematic in that the enzyme reaction cannot be measured 
continuously. 

Though the turbidity measurement method is easy 
to operate and can continuously measure the enzyme 
reaction, not the substrate itself but the light scattered 
from the suspended substrate is measured. Since the 
enzyme reaction itself is not observed, this method is 
problematic in terms of reliability. 

By contrast, the spectroscopic measurement 
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method is a useful means in that the enzyme reaction 
can be measured easily and continuously without sepa- 
rating the substrate or product. Nevertheless, in the 
case where the solution to be measured has a turbidity, 
when the substrate is not water-soluble in particular, it is 
problematic in tha t quantitative measurement is difficult. 
It has not conventionally been applied to a turbid sarih 



pie In such an aqueous solution, me influence of the 
above-mentioned turbidity is strong in particular when 
the measurement wavelength is within the range from 
ultraviolet to visible. Though the turbidity becomes less 
influential when the measurement wavelength is that of 
infrared light, it has been known that, since the absorp- 
tion o f^ water _as a solvent is so much in the infrared 
range, it is necessary to use a cell having a thickness on 
the order of several hundred microns o r use total reflec- 
tion absorption method p ro Hiraishi ed., "Furie Henkan 
Sekigaibunkoho (Fourier Transform Infrared Spectros- 
copy)," Gakkai Shuppan Center, (1985), pp. 163-171). 

When the spectroscopic measurement method is 
applied to an enzyme reaction, strict stirring is neces- 
sary due to the dependence of the enzyme reaction on 
the stirring speed and the like. In the above-mentioned 
cell having a thickness on the order of several hundred 
microns, however, stirring has been impossible. Further, 
typical measuring apparatus for the total reflection 
absorption method have failed to correctly measure 
enzyme activity since stirring cannot be effected 
therein. 

In order to eliminate the above-mentioned essential 
problems resulting from spectroscopic measurement 
method, it is an object of the present invention to pro- 
vide an enzyme reac tion measuring method and its^ 
measuring apparatus in which it is unnecessary for the 
substrate and the product to be separated from each 
other, operation is easy, enzyme reactions can be 
measured continuously, and enzyme reactions can be 
measured with a high reliability. 

Disclosure of the Invention 

The enzyme reaction measuring method in accord- 
ance with the present invention comprises the steps of: 
stirring a measurement solution containing an enzyme 
and a substrate at a predetermined temperature; mak- 
ing infrared light incident on an interface between a total 
reflection absorption prism disposed in contact with the 
measurement solution and the measurement solution 
from the side of the total reflection absorption prism and 
totally reflected thereby; and measuring a spectrum of 
thus totally reflected infrared light so as to determine a 
change in an infrared absorption spectrum or absorb- 
ance, from which an enzyme reaction in the measure- 
ment solution is measured. 

As a consequence, even in the case where the 
measurement solution has a turbidity or the case where 
the substrate is not water-soluble, without separating 
the substrate and the product from each other, the 



enzyme reaction can be measured continuously with a 
high reliability in a simple operation. 

Here, the enzyme catalyzes a hydrolysis reaction of 
an ester bond, and is carboxylic acid ester hydrolase or 
lipase. 

The enzyme reaction measuring apparatus in 
^ccordance^ftMhe-j^serfl-^ 



reaction vessel for accommodating a measurement 
solution in which a substrate solution and an enzyme 

io solution are mixed together; substrate solution supply- 
ing means for supplying the substrate solution into the 
reaction vessel; enzyme solution supplying means for 
supplying the enzyme solution into the reaction vessel; 
temperature control means tor controlling temperature 

is of the measurement solution; stirring means for stirring 
the measurement solution; a total reflection absorption 
prism disposed in contact with the measurement solu- 
tion; an infrared light source for making infrared light 
incident on the total reflection absorption prism such 

20 that the infrared light is totally reflected by an interface 
between the total reflection absorption prism and the 
measurement solution; infrared light detecting means 
for measuring a spectrum of the infrared light emitted 
from the total reflection absorption prism; and an arith- 

25 metic section for determining a change in an infrared 
absorption spectrum or absorbance according to the 
spectrum of the infrared light measured by the infrared 
light detecting means, so as to measure an enzyme 
reaction in the measurement solution. 

30 As a consequence, the substrate solution and 
enzyme solution supplied to the reaction vessel respec- 
tively from the substrate solution supplying means and 
enzyme solution supplying means are mixed within the 
reaction vessel so as to yield the measurement solution, 

35 which is controlled by the temperature control means to 
a predetermined temperature and is stirred by the stir- 
ring means. The infrared light emitted from t he irrfraroH 
lig ht source is made incident on the interface betwee n 
tfteTotal reflection absorption prism disposed in contac t 

40 with t he measurement solution and the measureme nt 
solDtion from the total reflection absorption prism side 
and is totall y reflected by the interface . The spectrum of 
the infrared light emitted from the total reflection 
absorption prism after the total reflection is measured 

45 by the infrared detecting means. Then, the arithmetic 
section determines the change in the infrared absorp- 
tion spectrum or absorbance, thereby measuring the 
enzyme reaction in the measurement solution. Accord- 
ingly, even in the case where the measurement solution 

50 has a turbidity or the case where the substrate is not 
water-soluble, without separating the substrate and the 
product from each other, the enzyme reaction can be 
measured continuously with a high reliability in a simple 
operation. 

55 The enzyme reaction measuring apparatus in 
accordance with the present invention further com- 
prises solution discharging means for discharging the 
measurement solution in the reaction vessel, and clean- 
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ing liquid supplying means for supplying into the reac- 
tion vessel a cleaning liquid lor cleaning the inside of the 
reaction vessel. As a consequence, after the measure- 
ment of one enzyme reaction is terminated, the meas- 
urement solution in the reaction vessel is discharged by 
the solution discharging means, and the inside of the 

aGtion-vesselHS-washed-with-the-c»e€ 
plied by the cleaning liquid supplying means, thus allow- 
ing the next enzyme reaction to be measured in 
succession. 

Of the total reflection absorption prism, at least a 
region in contact with the measurement solution is 
co ated with Teflo n. As a consequence, the substrate in 
Trie" measurement solution is prevented from being 
j deposited on the total reflection absorption prism. 

Brief Description of the Drawings 



Fig. 1 is a configuration^ view of an enzyme reac- 
tion measuring apparatus in accordance with the 20 
present invention; 

Fig. 2 is a perspective view of a reaction vessel in 

the above-mentioned apparatus; 

Fig. 3 is a sectional view of the reaction vessel in 

the above-mentioned apparatus; 25 

Fig. 4 is a flowchart of measuring operations of the 

above-mentioned apparatus; and 

Fig. 5 is a chart showing results of a hydrolysis 

reaction of olive oil by lipase, obtained by use of the 

above-mentioned apparatus. 30 

Best Modes for Carrying Out the Invention 

The present invention will be explained with refer- 
ence to the accompanying drawings for further details. 35 

Fig. 1 is a configuration^ view showing an embodi- 
ment of the enzyme reaction measuring apparatus in 
accordance with the present invention. In order to clarify 
the configuration of this apparatus, a reaction vessel 26 
is represented in section. Though this embodiment 40 
shows an infrared spectrophotometer using a spectro- 
scope, a Fourier transform type infrared spectrophotom- 
eter or a combination of a light source emitting only an 
aimed wavelength of light and a detector may also be 
used. 45 

This enzyme reaction measuring apparatus is 
mainly composed of an infrared spectrophotometer 
main body 1 and an infrared spectrophotometer sample 
chamber 2 t and further comprises respective supply 
sections 15 to 18 for cleaning liquid, substrate solution, so 
enzyme solution, and stop liquid. The infrared spectro- 
photometer main body 1 incorporates therein an infra- 
red light source 3, a spectroscope 4, an infrared light 
detector 5, and a control section 6 for controlling them. 
The infrared spectrophotometer sample chamber 2 55 
mainly incorporates therein the reaction vessel 26 and a 
total reflection absorption prism 2fl_ 

The infrared light source 3 is a light source for emit- 



ting infrared light. Infrared incident light 36 emitted from 
the infrared light source 3 is made incident on the 
entrance surface of the total reflection absorption prism 
28. In the total reflection absorption prism 28, the upper 
surface and the lower surface (surface facing the reac- 
tion vessel 26) are in parallel to each other, whereas the 



inclined relative thereto. The infrared light incident on 
the entrance surface of the total reflection absorption 
prism 28 is propagated through the total reflection 
absorption prism 28 while repeating total reflection 
between the upper and lower surfaces thereof, so as to 
be emitted out of the exit surface. 

The total reflection absorption prism 28 is most 
preferably made of ZnSe wh ich has a large refractive 
index, but also is preferably made of Ge or Si. The angle 
of incidence of the infrared light onto the lower surface 
of the total reflection absorption prism 28 is preferably 
within the range of 40 to 60 degrees, most preferably at 
45 degrees. Here, the smaller is the difference between 
the refractive index of the total reflection absorption 
prism 28 and the refractive index of the measurement 
solution 40, the deeper becomes the penetration of eva - 
nescent waves ge nerate d in the mea surem ent solutio n 
40 when the infrared light is totally reflected by the lower 
surface of the total reflection absorption prism 28, 
whereby the infrared absorption spectrum caused by 
the substrate is enhanced. 

Preferably, of the lower surface of the total reflection 
absorption prism 28, at least the region in contact with 
the measurement solution 40 is coated with Teflon . As a 
consequence of such a Tef ton coating, trie substrate in 
the measurement solution 40 can be prevented from 
being deposited on the total reflection absorption prism 
28. Here, the depth of the penetration of evanescent 
waves gener ated in the measurement solution 40 wh en 
theimrared light is totally reflected by the lower surface 
of the total reflection absorption prism 28 is on the order 
o f 1/5 to 1/7 of the wavelength of infrared light S ince the 
" aimed wavelength is atx urt 7 urn, in order for evanes- 
cent waves of infrared light to reach the measurement 
solution 40, it is necessary forthe Teflon coating to have, 
a th ickness of several hund re d nm or less . 

Infrared transmitted light 37 emitted from the exit 
surface of the total reflection absorption prism 28 is 
made incident on the spectroscope 4. The spectro- 
scope 4 chooses the aimed wavelength component of 
the infrared transmitted light 37. The infrared light 
detector 5 detects this aimed wavelength component, 
and outputs a signal corresponding to the intensity 
thereof. The signal detected by the infrared light detec- 
tor 5 is transferred to an arithmetic/control computer 7 
by way of the control section 6 and a data transfer line 
39. A power supply 32 is provided in order to supply 
electric power to each of the infrared light source 3. 
spectroscope 4, infrared light detector 5, and control 
section 6 within the infrared spectrophotometer main 
bodyl. 
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The total reflection absorption prism 28 is attached 
to the reaction vessel 26 by way ol a packing 27, 
whereby a part of the region of the lower surface of the 
total reflection absorption prism 28 comes into contact 
with the measurement solution 40 accommodated in the 
reaction vessel 26. The center portion of the packing 27 
is formed with an aperture fa defining the area of the 



region wlieie the total reflection absorptiorrprl5nr28"' 
and the measurement solution 40 are in contact with 
each other. 

The packing 27 is preferably made of a material 
which exhibits no absorption within the wavelength 
range t o be meas ured, i.e., material (made of silicone 
rtiBbiTor leflon, fof exarrple) which includes neither 
ester group nor carboxyl group. The packing 27 may 
also be a silicone rubber type adhesive which bonds the 
total reflection absorption prism 28 and the reaction 
vessel 26 together. Alternatively, of the lower surface of 
the total reflection absorption prism 28, the region other 
than that in contact with the measurement solution 40 
may be vapor-deposited with a metal (e.g., aluminum, 
gold, or the like), and thus deposited flm may be used 
as the packing 27. 

The reaction vessel 26 is a vessel for accommodat- 
ing the measurement solution (specifically, the sub- 
strate solution and enzyme solution). The side face of 
the reaction vessel 26 in contact with the total reflection 
absorption prism 28 is formed with an aperture for 
bringing the measurement solution 40 and the lower 
surface of the total reflection absorption prism 28 into 
contact with each other. This aperture is positioned so 
as to align with that formed in the packing 27. The mate- 
rial of the reaction vessel 26 is preferably Teflon or alu- 
minum whose surface is coated with Teflon. The inner 
space of the reaction vessel 26 and the inner space of 
the infrared spectrophotometer sample chamber 2 are 
physically blocked from each other, whereby the meas- 
urement solution 40 and the infrared spectrophotometer 
sample chamber 2 would not directly come into contact 
with each other. 

A stirring rotator 22 is disposed within the reaction 
vessel 26. The stirring rotator 22, which is used for stir- 
ring the measurement solution 40 at a constant speed 
in order to attain a constant condition for the enzyme 
reaction within the reaction vessel 26, is rotated accord- 
ing to an instruction from a magnetic stirrer main body 
21, while its rotating speed is controlled by a magnetic 
stirrer control section 20 to a constant speed. A power 
supply 34 is used for supplying electric power to the 
magnetic stirrer control section 20. 

The other side face of the reaction vessel 26 is pro- 
vided with a panel heater 24. The panel heater 24 is 
used for keeping the measurement solution at a con- 
stant temperature in order to attain a constant tempera- 
ture condition for the enzyme reaction within the 
reaction vessel 26. Also, a temperature sensor 25 is dis- 
posed within the reaction vessel 26. The temperature 
sensor 25 is used for measuring temperature of the 



measurement solution 40 within the reaction vessel 26. 
A temperature control unit 23 is used for controlling the 
panel heater 24 according the temperature of the meas- 
urement solution 40 within the reaction vessel 26 meas- 
5 ured by the temperature sensor 25, so as to keep the 
temperature of the measurement solution 40 within the 
reaction vessel 26 at a predetermined level. A power 



supply 3D is used tor supplying electric power to tne 
temperature control unit 23. 

10 Connected to the reaction vessel 26 are an air dis- 
charge section 29, a solution supply pipe 30, and a solu- 
tion discharge pipe 31 . 

The air discharge section 29, which is used for dis- 
charging the air extruded from the inside of the reaction 

is vessel 26 when various kinds of solutions are supplied 
therein, is lead from the inner space of the reaction ves- 
sel 26 to the outside of the infrared spectrophotometer 
sample chamber 2 by way of a solenoid valve 13 dis- 
posed therebetween. 

20 The solution supply pipe 30 is a pipe for supplying 
each of the cleaning liquid, substrate solution, enzyme 
solution, and stop liquid. Connected to the solution sup- 
ply pipe 30 by way of solenoid valves 8 to 1 1 further 
through a solenoid valve 12 are the cleaning liquid sup- 

25 ply section 15 for supplying the cleaning liquid, sub- 
strate solution supply section 16 for supplying the 
substrate solution, enzyme solution supply section 17 
for supplying the enzyme solution, and stop liquid sup- 
ply section 18 for supplying the stop liquid, respectively. 

30 The solution discharge pipe 31, which is a pipe for 
discharging the measurement solution 40 out of the 
reaction vessel 26, is connected to a solution discharge 
section 19 by way of a solenoid valve 14. The solution 
discharge section 19 draws therein the measurement 

35 solution 40 accommodated within the reaction vessel 
26, thereby discharging the measurement solution 40. 

The solenoid valves 8 to 14, cleaning liquid supply 
section 15, substrate solution supply section 16, 
enzyme solution supply section 17, stop liquid supply 

40 section 18, and solution discharge section 19 are con- 
nected to the arithmetic/control computer 7 by way of a 
control/power supply line 38 and are controlled by the 
arithmetic/control computer 7. A power supply 33 is 
used for supplying electric power to the arrthmetic/con- 

45 trol computer 7. Each of the cleaning liquid supply sec- 
tion 15, substrate solution supply section 16, enzyme 
solution supply section 17, and stop liquid supply sec- 
tion 18 is conf igured such that, according to an instruc- 
tion from the arithmetic/control computer 7, it sends out 

so a predetermined amount of its corresponding solution to 
the solution supply pipe 30 and sends out a predeter- 
mined amount of air or inactive gas (e.g., nitrogen gas 
or the like), so as to be able to quantitatively supply 
each solution into the reaction vessel 26 without leaving 

55 the solution within the solution supply pipe 30. 

Fig. 2 is a perspective view showing the reaction 
vessel 26, packing 27, and total reflection absorption 
prism 28 as viewed obliquely from thereabove; whereas 
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Fig. 3 is a sectional view thereof taken along a plane 
perpendicular to the lower surface of the total reflection 
absorption prism 28. These drawings show the orienta- 
tions of the reaction vessel 26, packing 27, and total 
reflection absorption prism 28 when they are actually 
disposed. 

As shown in these drawings, one side face of the 



ture. 

At Subsequent Step jnf raf<aH ahcnrpti nn 

sggctQjnurfibe ^tibsti^ eolat io n a l o ne is meas u r ed as 
background. Namely, the infrared incident light 36 emit- 
5 ted from the infrared light source 3 is made incident on 
the entrance surface of the total reflection absorption 
prism 28 and is propagated through the total reflection 



blocked by the Teflon-coated surface of the total reflec- 
tion absorption prism 28. The lower part of the reaction w 
vessel 26 is provided with the magnetic stirrer 21, 
whereas the stirring rotator 22 is disposed within the 
reaction vessel 26. The air discharge section 29. solu- 
tion supply pipe 30, and solution discharge pipe 31 are 
lead into the inner space of the reaction vessel 26 from 15 
thereabove. Among them, the tips of the air discharge 
section 29 and solution supply pipe 30 are lead to the 
vicinity of the upper surface in the inner space of the 
reaction vessel 26, whereas the tip of the solution dis- 
charge pipe 31 is lead to the vicinity of the bottom sur- 20 
face in the inner space of the reaction vessel 26. 

In the following, an enzyme reaction measuring 
method using thus configured enzyme reaction measur- 
ing apparatus will be explained. Fig. 4 is an exanple of 
flowchart for measuring operations in the apparatus 25 
configured as mentioned above. The measuring opera- 
tions will be hereinafter explained with reference to Fig. 
4. Here, Fig. 4 is a flowchart in the case where the 
number of samples to be measured is 5, and the 
enzyme reaction for each sample is measured 1 1 times 30 
at intervals of 1 minute. Also, the following processing is 
effected according to instructions from the arithme- 
tic/control computer 7. 

First at step S1, in order to effect stable measure- 
ment, all the power supplies 32 to 35 in the apparatus 35 
are turned on before starting the measurement, and the 
apparatus is initialized. Namely, the inside of the infra- 
red spectrophotometer sample chamber 2 is purged by 
dry air or nitrogen beforehand, the reaction temperature 
within the reaction vessel 26 is set by the temperature 40 
control unit 23, and the stirring speed of the stirring rota- 
tor 22 is set by the magnetic stirrer control section 20. 
Also, in the arithmetic/control computer 7, a counter for 
counting the number of samples S and a counter for 
counting the number of measurements N each are ini- 45 
tialized to value 0. At this point of time, all the solenoid 
valves 8 to 14 are in their dosed state. 

At subsequent step S2, the solenoid valves 13, 12, 
and 9 are opened, whereby a predetermined amount of 
a substrate solution is supplied from the substrate solu- so 
Won supply section 16 into the reaction vessel 26 
through the solution supply pipe 30, and then a prede- 
termined amount of nitrogen gas is supplied. After the 
predetermined amount of substrate solution is thus sup- 
plied into the reaction vessel 26, the solenoid valves 9 55 
and 12 are closed. At step S3, the apparatus is allowed 
to stand for 10 minutes so that the substrate solution 
within the reaction vessel 26 attains a preset tempera- 



Diptron-prism-28-while-beingtotallyTeflectedi5y"the" 
upper face and lower face thereof. Each wavelength 
component of the infrared trar^mittftd lig*fr 37egtt5 



outof the exit surface of the total reflection absorp tion 
pri sm 28ls chosen by the spectroscope 4 and is 
detected 6y the infrared light detecto r 5. 

Here, since the lower surface of the total reflection 
absorption prism 28 is in contact with the substrate 
solution within the reaction vessel 26, when the infrared 
light is totally reflected by the lower surface of the total 
reflection absorption prism 28, its evanescent waves 
are generated in the substrate solution. Also, as the 
infrared light repeats total reflection between the upper 
and lower surfaces of the total reflection absorption 
prism 28, the evanesc ent waves are generate d over a 
wide area where the lower surface of th etotal reflprtinn 
absorption prism 28 ftnd the substrate solution are in 
contact with each other. Accordingly, the infrared trans- 
mitted light 37 emitted out of the exit surface of the total 
reflection absorption prism 28 is under the strong influ- 
ence of absorption by the substrate solution. At step S5. 
thus obtained data of the infrared absorption spectrum 
are transferred to the arithmetic/control computer 7 by 
way of the control section 6. 

At subsequent step S6, the solenoid valves 12 and 
1 0 are opened, whereby a predetermined amount of an 
enzyme solution, which is a sample, is supplied from the 
enzyme solution supply section 17 into the reaction ves- 
sel 26 through the solution supply pipe 30, and then a 
predetermined amount of nitrogen gas is supplied, thus 
quantitatively supplying the enzyme solution into the 
reaction vessel 26. Thereafter, the solenoid valves 10 
and 12 are closed. 

At subsequent step S7, the infrared absorption 
spectrum is measured concerning the measurement 
solution 40 in which the substrate solution and the 
enzyme solution are mixed together. This measurement 
is substantially similar to that in the case of step S4. The 
subject of measurement at step S7, however, is the 
measurement solution, in which the substrate solution 
and the enzyme solution are mixed together, which is in 
a suspended state as being stirred by the stirring rotator 
22 at a predetermined rotating speed. Jrven in such- a- 
case, when the infrared light is totally refle gtedjsy the 
Power surface of the total reflection absorption prism 28, 
its-evaneseenHwaves~are denerateJ within the m eas- 
uremerrt-s olutron"40 nir&iis caseTthelnfrared transmit- 
ted 1igfir37~emrtted from the exit surface of the total 



reflection absorption prism 28 is under the influence of 
the substrate reduced by the reaction between the sub- 
strate and the enzyme. 
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At step S8, the spectrum data measured at step S7 
are transferred to the arithmetic/control conrputer 7 by 
way of the control section 6. Then, the arithmetic/control 
com puter 7 determines differences between thus tran s- 
ferr ed spectrum data and the background spectrum 
d atalhat have already been f r?risfprrpri at ^tApJS* 

At_subsequent^tep-S9,-the-apparatus4s-aUowed-to- 



Examples of enzyme reaction measurement effected by 
the above-mentioned apparatus will be shown hereinaf- 
ter. 

Reagents used are: (1) olive oil (special regent for 
lipase measurement) manufactured by Nakalai Tesque, 
Inc.; (2) polyvinyl alcohol (Kuraray POVAL, PVA-117) 
3i^c^ured^y4<uraray^.^d7f{3)-pdyviny^ 



stand for one minute. At step S10, the measurement 
number counter N and value 10 are compared with 
each other in terms of magnitude. If the measurement w 
number counter N is 10 or less, then the operation pro- 
ceeds to step S1 1 ; otherwise, it proceeds to step SI 2. 
At step S11, value 1 is added to the measurement 
number counter N, and then the operation returns to the 
spectrum measurement at step S7. Namely, in a loop is 
constituted by steps S7 to S1 1 , spectrum data concern- 
ing the measurement solution 40 are measured 11 
times in total at intervals of 1 minute, and differences 
between thus measured spectrum data and the back- 
ground spectrum data are determined. 20 

At step S12, the solenoid valve 14 is opened, 
whereby the measurement solution within the reaction 
vessel 26 is discharged by the solution discharge sec- 
tion 19. At step S13, the solenoid valves 12 and 8 are 
opened, whereby the cleaning liquid is supplied from 25 
the cleaning liquid supply section 1 5 to the reaction ves- 
sel 26 through the solution supply pipe 30 and, after the 
inside of the reaction vessel 26 is fully washed, the sole- 
noid valve 13 is closed. Then, a predetermined amount 
of nitrogen gas is supplied and, after the cleaning liquid 30 
is completely discharged out of the reaction vessel 26, 
the solenoid valves 8, 12, and 14 are closed. Measure- 
ment of one sample is thus completed. 

At subsequent step S14, the sample number coun- 
ter S and value 5 are compared with each other. W the 35 
sample number counter S is less than value 5, the oper- 
ation proceeds to step S15; otherwise, the measure- 
ment is completely terminated. At step S15, the 
measurement number counter N is set to value 0, value 
1 is added to the sample number counter S, and the 40 
operation returns to step S2. Namely, in a loop consti- 
tuted by steps S2 to S15, for each of 5 samples, spec- 
trum data concerning the measurement solution 40 are 
measured 1 1 times in total at intervals of 1 minute, and 
differences between thus measured spectrum data and 45 
the background spectrum data are determined. 

Accordingly, as the foregoing operations are per- 
formed, the arithmetic/control computer 7 obtains per- 
minute changes in infrared absorption spectrum caused 
by enzyme reactions due to enzymes in the 6 samples, so 
From the amount of these changes, enzyme activity of 
each enzyme can be analyzed. Also, chemical kinetics 
analysis of each enzyme can be realized according to 
changes in infrared absorption spectrum over time. 

In the following, the present invention will be specif- ss 
ically explained with reference to Examples, though the 
present invention should net be restricted the following 
Examples as long as it does not exceed the gist thereof. 



(Kuraray POVAL, PVA-205) manufactured by Kuraray 
Co., Ltd.; and (4) Lipase OF (360,000 U/g) manufac- 
tured by Meito Sangyo Co., Ltd. 

A polyvinyl alcohol solution was prepared as fol- 
lows. Namely, 18.5 g of polyvinyl alcohol (Kuraray 
POVAL, PVA-1 17) and 1.5 g of polyvinyl alcohol (Kura- 
ray POVAL, PVA-205) were mixed with about 500 ml of 
Milli-Q water, and the resulting mixture was stirred by a 
stirrer. Thereafter, the mixture was autoclaved (at 120°C 
for 2 to 3 minutes), and was further stirred by the stirrer 
so as to be completely dissolved. After this mixture liq- 
uid was cooled to room temperature, Milli-Q water was 
added thereto so that the total became 1 Jiter. After fur- 
ther being stirred, the mixture liquid was filtered and 
stored at room temperature. 

A buffer for enzyme solution (0.1 -M phosphate 
buffer) was prepared as follows. Namely, 2.4 g of 
sodium dihydrogen phosphate (anhydride) were dis- 
solved in Milli-Q water, thereby finally yielding 200 ml of 
Milli-Q water. Also, 7.1 g of disodium hydrogen phos- 
phate (anhydride) were dissolved in Milli-Q water, 
thereby finally yielding 500 ml of Milli-Q water. Then, the 
above-mentioned 200 ml of sodium dihydrogen phos- 
phate solution were placed in a beaker having a volume 
of 500 ml or 1 liter and set to a pH meter. The disodium 
hydrogen phosphate solution was further added thereto 
such that pH became 7.0. Thus yielded solution was fil- 
tered and then was stored under refrigeration. 

An olive oil emulsion was prepared as follows. 
Namely, 20 ml of olive oil (special reagent for lipase 
measurement) and 60 ml of polyvinyl alcohol solution 
were metered and were taken into a container having a 
volume of 150 ml. The resulting mixture was stirred by a 
stirrer (for 10 minutes at 2,000 rpm) while the container 
was surrounded by ice and cooled thereby. Thereafter, 
the mixture was allowed to stand for an hour while being 
cooled with ice. 

An enzyme solution was prepared as follows. 
Namely, 0.028 g of Lipase OF (360,000 U/g) was 
weighed and taken into a plastic test tube having a vol- 
ume of 10 ml. With 10 ml of the enzyme solution buffer 
being added thereto, the test tube was inverted to effect 
mixing (1 ,000 U/ml) without bubbling. 

For each of thus prepared substrate solution (olive 
oil emulsion solution and enzyme solution buffer) and 
enzyme solution, the enzyme reaction was measured 
by the enzyme reaction measuring apparatus and 
method in accordance with this embodiment. The tem- 
perature of the measurement solution within the reac- 
tion vessel 26 was set to 37 C C by the temperature 
control unit 23, panel heater 24, and temperature sen- 
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sor 25. The stirring speed of the stirring rotator 22 was 
set to about 1,000 rpm by the magnetic stirrer control 
section 20 and the magnetic stirrer main body 21 . 

First, as the substrate solution, 2 ml of the olive oil 
emulsion solution and 1.6 ml of the enzyme solution 
buffer were supplied into the reaction vessel 26. After 
they were allowed to stand for 10 minutes, background 



was measur e d, wh ere by b a ckg round specl i um dat a 

were obtained. Then, 0.4 ml of enzyme solution was 
supplied into the reaction vessel 26, and spectrum was w 
measured in total of 21 times at intervals of 1 minute 
over the period of 20 minutes, whereby infrared absorp- 
tion spectrum data were obtained. 

From the infrared absorption spectrum data con- 
cerning the measurement solution in which the enzyme is 
solution and the substrate solution are mixed together, 
the background spectrum data are subtracted. The 
reaction speed of the enzyme reaction is obtained 
according to the result thereof. Fig. 5 shows changes in 
absorbance at a wave number of 1 ,745 cm" 1 in the infra- 20 
red absorption spectrum from which background hag 
J)een subtractecUihe result of measurement obtained 
by the enzyme reaction measuring apparatus in accord- 
ance with this embodiment accords well with the result 
separately measured by titration method, thus indicat- 25 
ing that the enzyme reaction can be measured by use of 
this apparatus. 



totally reflected thereby; and measuring a spectrum 
of thus totally reflected infrared light so as to deter- 
mine a change in an infrared absorption spectrum 
or absorbance, from which an enzyme reaction in 
said measurement solution is measured. 

2. An enzyme reaction measuring method according 



Industrial Applicability 

As explained in the foregoing, in the enzyme reac- 
tion measuring method and its measuring apparatus in 
accordance with the present invention, even in the case 
where the measurement solution has a turbidity or the 
case where the substrate is not water-soluble, without 
separating the substrate and the product from each 
other, the enzyme reaction can be measured continu- 
ously with a high reliability in a simple operation. 
Accordingly, the enzyme reaction measuring method 
and its measuring apparatus in accordance with the 
present invention are suitably used for diagnosing dis- 
eases by measuring some kinds of enzyme activities in 
Wood or urine and judging pancreatic diseases by 
measuring lipase activity in blood in the sites of clinical 
tests, and for measuring the reaction speed of a fat or oil 
and lipase in an industrial process in the fat and oil 
chemical industry or the like. 

Claims 

1. An enzyme reaction measuring method comprising 
the steps of: stirring a measurement solution con- 
taining an enzyme and a substrate at a predeter- 
mined temperature; making infrared light incident 
on an interface between a total reflection absorp- 
tion prism disposed in contact with said measure- 
ment solution and said measurement solution from 
the side of said total reflection absorption prism and 
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to ctatrrn, wnerein saia enzyme catalyzes a r 
ysis reaction of an ester bond. 

An enzyme reaction measuring method according 
to claim 2, wherein said enzyme is carboxylic acid 
ester hydrolase. 

An enzyme reaction measuring method according 
to claim 2, wherein said enzyme is lipase. 

An enzyme reaction measuring apparatus compris- 
ing: 

a reaction vessel for accommodating a meas- 
urement solution in which a substrate solution 
and an enzyme solution are mixed together; 
substrate solution supplying means for supply- 
ing said substrate solution into said reaction 
vessel; 

enzyme solution supplying means for supply- 
ing said enzyme solution into said reaction ves- 
sel; 

temperature control means for controlling tem- 
perature of said measurement solution; 
stirring means for stirring said measurement 
solution; 

a total reflection absorption prism disposed in 
contact with said measurement solution; 
an infrared light source for making infrared light 
incident on said total reflection absorption 
prism such that said infrared light is totally 
reflected by an interface between said total 
reflection absorption prism and said measure- 
ment solution; 

infrared light detecting means for measuring a 
spectrum of said infrared light emitted from 
said total reflection absorption prism; and 
an arithmetic section for determining a change 
in an infrared absorption spectrum or absorb- 
ance according to said spectrum of said infra- 
red light measured by said infrared light 
detecting means, so as to measure an enzyme 
reaction in said measurement solution. 

An enzyme reaction measuring apparatus accord- 
ing to claim 5, further comprising: 

solution discharging means for discharging 
said measurement solution in said reaction 
vessel; and 

cleaning liquid supplying means for supplying 
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into said reaction vessel a cleaning liquid for 
cleaning the inside of said reaction vessel. 

7. An enzyme reaction measuring apparatus accord- 
ing to claim 5, wherein, of said total reflection 
absorption prism, at least a region in contact with 

said-measuremer^olutron^ — 
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